time he could be quickly transferred to the person or department most suitable. On the other hand, if a patient could be shown quickly to have a tumour involving the mediastinum, with no evidence of primary lung disease and a presumptive diagnosis excluding benign tumours and cysts, such a case could be readily dealt with by the radiotherapists; for radiation therapy would be likely not only to prove beneficial but to be of diagnostic value. since the nature of the response of the tumour to radiation afforded this information. In other words in cancer treatment it was' sometimes more important to decide quickly whether or not to treat the patient than it was to establish the exact academic diagnosis.
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Dr. R. Kemp Harper disagreed with the statement made by Dr. Peter Kerley that tomography was of little value in the diagnosis of peripheral carcinoma of the lung. He pointed out that the size, position, density and limits of the opacity in the lung could be more clearly defined by the use of tomography, and all these points were of great importance in differentiation. In connexion with the diagnosis of enlarged tracheobronchial glands secondary to carcinoma of the lung, he drew attention to the fairly constant appearance of a smooth oval or circular density at the right tracheobronchial angle which was caused by the azygos vein and should not be mistaken for an enlarged gland.
Dr. Thomas Lodge suggested that it was well to remember that there were other structures in the lung besides the bronchi and that different tomographic techniques in a given case should be employed in order to demonstrate the other structures, for example, the displacement of the lung vessels by benign tumours.
Dr. A. Elkeles (in reply): The described pulmonary changes associated with mitral stenosis are not so rare as Dr. Kerley suggests. Since cardiologists usually obtain their information by screening only, these pulmonary nodular infiltrations may have easily escaped recognition. Furthermore these calcified nodular infiltrations have been interpreted in the past as calcified tuberculosis. Evidence can be found in the literature of such cases having been sent unnecessarily for prolonged' sanatorium treatment.
My second patient and some cases described in the literature showed no clinical or radiological evidence of pulmonary congestion, which invalidates the theory that these bony nodules are the result of long-standing passive congestion. The history of rheumatic pneumonia and pleurisy in these patients and in particular the microscopic findings of specific rheumatic changes in the lungs are in support of our theory of these ossified nodules being the late stage of rheumatic pneumonia. I agree with Dr. Lodge's remarks, that the lung changes are primarily vascular in nature, which lends further support to the theory, that rheumatic fever belongs probably to the more severe type of vascular allergy.
Disseminated Ossified Nodules in the Lungs Associated with Mitral Stenosis
By A. ELKELES, M.D. NODULAR calcifications in the lungs are generally interpreted as evidence of healed primary or post-primary tuberculosis. Recent investigations by mass-radiography indicate that this current concept of pulmonary calcifications may have to be revised at least to some extent. Pulmonary calcifications were found in a considerable number of cases, in which no evidence of past or present tuberculosis could be found, and in which the Mantoux test proved negative. As causative agents of the so-called non-tuberculous calcifications in the lungs, infection with Ascaris lumbricoides, coccidiomycosis and aspergillosis have been suggested, but convincing evidence for this assumption is still lacking. Zwerling and Palmer (1946) on examining a total of 6,199 student nurses by mass-radiography in the central eastern states of America, found pulmonary calcifications in 698. These authors suggest that infection with Histoplasma capsulatum may be responsible for a large number of pulmonary calcifications and base their assumption mainly on the result of skin tests. These revealed that 494 out of 698 cases were histoplasmin positive, whereas only 57 were tuberculin positive and 109 positive to histoplasmin and tuberculin, the remaining 38 were negative to both. Whether Palmer's findings may only apply to certain areas in the United States, where infection with Histoplasma capsulatum may be prevalent, or whether it will prove to be of wider significance, remains to be seen, when mass-radiography will be performed on a wider scale.
The purpose of this paper is to draw attention to a special type of pulmonary nodular calcifications occasionally met with in mitral stenosis. Although the X-ray appearances show a close resemblance to calcified pulmonary tuberculosis caused by hematogenous spread, the macroscopical and microscopical examination of the lung in these cases reveal no evidence of tuberculosis and most of the nodular lesions were found to consist of true bone.
E. Wagner was the first to report on bone formations in the lungs as far back as 1859, when he published a case of a female, 25 years of age, who died of dropsy and in whom he found numerous bones in the lungs. In 1862 Heschl published a paper on osteoides in the lungs in a male 26 years old with chronic endocarditis. Derischanoff in 1930 described a case of a male 21 years of age, who died of cardiac failure due to mitral stenosis and incompetence. On post-mortem examination multiple tuberous osteomata were found in both lungs, more numerous in the lower lobes, but also present in both apices. Four years prior to his admission to hospital he had suffered from pneumonia lasting for over two and a half months. Salinger (1932) was the first to recognize the relationship of pulmonary bony nodules and mitral stenosis. In recent years several cases of this strange co-existence have been reported in the American and continental literature. The only case published so far in this country is by Elkeles and Glynn (1946) . In this paper evidence was produced for the probability of the pulmonary ossified nodules to be the end-result of rheumatic pneumonia and not, as hitherto believed, the outcome of long-standing passive congestion of the lungs in mitral stenosis.
The patient was 32 years of age and suffering from advanced mitral stenosis with auricular fibrillation and passive congestion of the lungs. Chest radiograms confirmed the clinical diagnosis of mitral stenosis with passive pulmonary congestion. Both lung fields were scattered with numerous densely opaque nodules of pinhead to small pea size. The right lower lobe was predominantly involved and particularly its periphery. The nodules were well defined and the larger ones were mulberry-like in shape. No nodular infiltrations were seen in the apices. No calcified mediastinal glands and no evidence of primary or postprimary lesion or lesions were present. The radiological diagnosis of non-tuberculous calcified bony nodules associated with mitral stenosis was confirmed by post-mortem examination nine months later. The microscopical examination of the pulmonary nodules proved them to consist of bone of the woven type and intra-alveolar in position.
Bone formation in the lungs is occasionally met with in old men, but the bone is formed in the interstitial tissue and not in the parenchyma of the lung. Pulmonary ossification is often met with in healed primary tuberculous lesions. In the primary focus the central area undergoes caseation and destroys the elastic framework of the lung and healing proceeds by the deposit of calcium salts in the caseous material, bone tissue is formed in the periphery from the specific connective tissue by metaplasia, thus creating a bony shell, which walls off the diseased area. The healed primary focus can therefore be distinguished on microscopical examination from the ossified nodules in mitral stenosis by the destruction of the elastic framework of the affected area and by marginal ossification.
It is likely that the described pulmonary lesions have in the past often been interpreted as calcified tuberculosis on chest radiograms.
The second case to be reported here confirms this assumption. A female, 43 years old, had severe tonsillitis at the age of 9 followed by rheumatic fever and complicated by pneumonia and pleurisy and valvular disease of the heart. When over fourteen years ago the first X-ray of the chest was taken, her lungs showed evidence of widespread calcified nodular infiltrations, which were then interpreted as healed pulmonary tuberculosis. No tubercle bacilli could be found in frequent sputum examinations. A radiogram of her chest taken in July 1946 shows a small aortic knob, a prominent pulmonary conus and an enlarged pulmonary artery, straightening of the middle segment of the left cardiac border. The left ventricle is somewhat enlarged, which may, however, only be apparent owing to the rotation of the heart, which sometimes takes place in right ventricular enlargement. Both lung fields are scattered with numerous nodules of varying density, size and shape. The nodular opacities are most widespread in the upper zones, even involving the apices. The middle zones show somewhat less involvement, and some nodules are visible in the region of the right cardiophrenic angle. The left lower zone is almost clear. The nodules vary from a pinhead to a pea. On close inspection many of the small nodules are round and discrete, the larger ones are often mulberry-like in shape and some have translucent areas in their centre, others coalesce with neighbouring nodules. Much fibrosis is visible in the upper zone. Calcified hilar glands are conspicuously absent (fig. 1 ).
Clinically the patient has a loud rumbling diastolic murmur with presystolic accentuation at the apex, P2 is accentuated. An E.C.G. reveals right preponderance and flattening of T waves in lead 3. The loud diastolic murmur as such is no indication of the severity of mitral stenosis. The patient shows no evidence of cardiac failure and is leading an active life; she is still able to climb three flights of stairs without appreciable dyspnea. The patient has no history of pulmonary or extra-pulmonary tuberculosis. The absence of calcified hilar glands makes the pulmonary lesions unlikely to be the result of a primary infection. Widespread dissemination of tuberculous lesions in the lungs arising from post-primary infection, whether hwematogenous or bronchogenic, originate mainly from cavitation or are spread to different parts of the lungs by hemoptysis. Since there is neither evidence of cavitation nor any history of haemoptysis, it may reasonably be assumed that the widespread calcified nodular infiltrations are of the same type as in the previous case. Furthermore the diagnosis of pneumonia and pleurisy by her doctors during the acute attack of rheumatic fever suggests that according to our present knowledge the patient was suffering from rheumatic pneumonitis and pleurisy. The same probably applies to Derischanoff's case, who suffered from severe pneumonia for over two and a half months, four years prior to his admission to hospital. The history of pneumonia during the course of rheumatic fever may be taken as further evidence in support of our theory that ossified pulmonary nodules in rheumatic valvular disease are the late results of rheumatic pneumonitis. With regard to the radiological diagnosis of the pulmonary lesions, it is obvious that calcified nodular infiltrations as such do not represent a characteristic feature, as they may be met with in other conditions. Indeed the pulmonary lesions show a certain resemblance to calcified chronic miliary tuberculosis. It is in particular the association of the pulmonary lesions with mitral stenosis which should raise doubts as to the tuberculous character of the nodular calcifications. Pulmonary tuberculosis is a common complication in congenital heart disease, but is only rarely met with in mitral stenosis. The absence of extensive calcified mediastinal glands or of post-primary parent lesion or lesions in the lungs may also be taken as evidence against the tuberculous character of the calcified nodules.
Since calcified miliary tuberculosis is extremely rare, strong evidence for the tuberculous origin of miliary, pulmonary calcifications is required as for instance the detection of tubercle bacilli or calcified nodules in spleen, liver or other organs or the involvement of skin, bones, joints or genito-urinary tract, &c.
In the following case we can compare the pulmonary lesions of calcified miliary tuberculosis with those of the calcified nodules in mitral stenosis.
Male, 34 years of age, has a history and radiological evidence of healed tuberculosis of the right hip-joint, and a still active tuberculosis of the right shoulder-joint with a discharging sinus. Radiogram of his chest taken on 13.12.46 reveals numerous, minute shot-like calcareous deposits in both lungs, which show an almost symmetrical distribution over the middle and upper lung fields. An old Ghon's focus is seen in the left lower zone with calcification of the draining hilar glands. The left costophrenic angle is slightly obscured and suggestive of healed pleurisy (fig. 2) .
The distinguishing features of the chest radiograms of the two conditions are:
In mitral stenosis.-The calcified nodules vary from pinhead to large pea size. They show various shades of density, are not always discrete and have a tendency to coalesce. The nodules are distributed over the central lung fields as well as the periphery.
In calcified miliary tuberculosis.-The calcified nodules are discrete and more uniform in size and density. They mainly involve the central lung fields. There is usually evidence of primary or post-primary tuberculous lesions.
There are several other conditions in which calcified nodular opacities in the lungs may occur, e.g. pneumoconiosis, calcium metastasis, pneumomycosis, pulmonary hemosiderosis and sarcoidosis, the history, clinical picture and laboratory investigations should assist in the differential diagnosis. Finally the miliary type of long-standing passive congestion of the lungs in mitral stenosis will be mentioned. According to Peter Kerley the combination of swollen end-on vessels and alveoli filled with heart-failure cells are responsible for the nodular opacities. Since the pulmonary vessels decrease in size towards the periphery, there is a corresponding decrease in the size of the spots, a feature which should help in the differential diagnosis from other miliary lesions and in particular from the above-described pulmonary lesions in mitral stenosis.
The described pulmonary changes in rheumatic valvular disease are not only of diagnostic interest, but if our theory of the pathogenesis of the ossified nodules could be confirmed, it would be further proof of the existence of specific rheumatic manifestations in the lungs.
POSTSCRIPT (6.5.47).-A third personal case has just been observed which shows the same nodular calcified pulmonary infiltrations in a long-standing case of mitral stenosis.
Dr. P. Kerley: There should be a very sharp differentiation between calcified nodules and ossified nodules. In the case described by Dr. Elkeles the nodules were composed of true osseous tissue. Calcification occurs in the absence of a good blood supply.
We know from observation of traumatic vascular injuries that bone stimulation occurs with chronic venous stasis. I think this is a prominent factor in the development of osseous nodules in mitral stenosis. I would not agree that the infective agent in rheumatic fever is responsible for the osseous formation, since the condition is so rare and has not been described in aortic lesions of rheumatic origin.
Dr. Thomas Lodge thought that Dr. Elkeles had put his finger on the key to the problem in many cases of unusual opacity in the lung either calcareous or ossified nodules or even iron pigmentation. The pathologists now felt that there was a primary rheumatic condition of lung vessels not always associated with rheumatic endocarditis, and that changes in the intima of the vessels might lead to increased permeability to calcium and to the deposition of calcified and ossified nodules in the lung.
Dr. James Bull said that he thought pulmonary schistosomiasis should be considered in the differential diagnosis of small multiple calcified lesions in the lungs. He had seen a case about six years ago, a British soldier who had served in Egypt and had bathed in the Nile, who was suffering from a brain-stem lesion thought to be granulomatous in type. There was no evidence of syphilis or tuberculosis and an X-ray of the lungs showed a bizarre picture of multiple minute densely calcified foci. The case was never confirmed by autopsy and no calcified foci were seen in the bladder or rectum. Dr. Bull was very struck by the similarity of the X-ray appearances to the lung specimens illustrated in Shaw and Ghareeb's paper (1938) . They had performed 282 autopsies on cases of schistosomiasis and at least 33 % had pulmonary involvement and many of the lesions were calcified. S. ha?matobium was twice as common as S. mansoni and 11 % showed mixed infection.
Dr. Bull suggested that this lesion might be seen in this country in the next few years as so many residents of these islands had served in the Nile Valley during the war. It was also possible that S. japonicum behaved in the same way although Dr. Bull knew of no reference confirming it. REFERENCE SHAw, A. F. B., and GHAREEB, A. A. (1938) J. Path. Bact., 46, 401.
